Abstract: The purpose of this study was to investigate the influence of gutta-percha solvents on the bond strength of fiberglass post to root canal dentin. Forty bovine incisors were decoronated, prepared, filled, and randomly distributed into four groups (n = 10) according to the gutta-percha solvent used: control, xylene, eucalyptol and orange oil. After root canal treatment, the posts were cemented into the prepared root canals using a resin-based cement. A micro pushout test was executed, and the patterns of failure were assessed with microscopy. The data were analyzed using two-way ANOVA followed by Tukey's test. The control group exhibited greater bond strength compared to the eucalyptol group in the cervical and middle thirds of the root (P < 0.05); however, it did not differ significantly from the xylene and orange oil groups (P > 0.05). No difference was observed in the values of the xylene, orange oil, and eucalyptol groups (P > 0.05). The cervical third had higher values than the apical third for all tested solvents (P < 0.05). Adhesive failure between resin cement and dentin was the most frequent type of failure. The use of xylene and orange oil as gutta-percha solvents did not influence the bond strength of fiberglass posts to root canal dentin. (J Oral Sci 56, 105-112, 2014) 
Introduction
Endodontically treated teeth with significant loss of crown structure due to extensive caries, previous restorations, and/or fractures generally require a radicular post for the reestablishment of tooth esthetics and function (1, 2) . Various procedures and products have been developed and proposed for the rehabilitation of teeth which underwent endodontic treatment (3) . A fiberglass post is commonly used because of its favorable biomechanical properties compared to cast posts (1) . Because of their similarities to dentin with respect to elastic properties, fiberglass posts permit a relatively regular stress distribution of the functional load to the root canal and its surrounding tissues, resulting in fewer catastrophic failures, including root fractures (3) (4) (5) . In addition, fiberglass posts provide more esthetic outcomes for anterior teeth, allow a simpler post-endodontic restoration procedure (the laboratory step is eliminated because they can be prepared and molded in a single session), and are relatively easy to remove when endodontic retreatment is needed (1, 3) .
The signs of endodontic treatment failure, including the presence of apical periodontitis and post-treatment symptoms, are important indicators that further intervention is required (6) . Nonsurgical root canal retreatment is commonly indicated when the initial treatment has failed (7) . Efficient removal of the root filling materials is required for retreatment, and many devices and tech-niques are employed to remove such materials. These include hand or rotary NiTi instruments, thermal and ultrasonic instruments and solvents (8, 9) . A solvent is used to soften the master cone and improve the apical adaptation of the root canal, to make a gutta-percha paste that can be used for obturation, or to simplify the removal of filling materials from root canal system during retreatment (9, 10) . The most commonly used gutta-percha solvent in endodontics is chloroform because it can solubilize gutta-percha more quickly than other solvents and is inexpensive and easily available (11) (12) (13) . Nevertheless, the use of chloroform is prohibited by the U. S. Food and Drug Administration because of its potential carcinogenicity (14) . Alternatives to chloroform have been suggested, including xylene (xylol), eucalyptol, halothane, terebinthina oil, and orange oil (6, (11) (12) (13) (15) (16) (17) .
During root canal retreatment, the radicular and coronal dentin is exposed to gutta-percha solvents. These solvents may modify the chemical constitution of the dentin surface and affect its interaction with the restorative and root filling materials (18) . The effects of several chemical agents used during endodontic therapy on the bond strength of fiberglass posts to root canal dentin have been studied (2, (19) (20) (21) (22) (23) . However, studies addressing the fiberglass post bond strength to root canal dentin after root canal retreatment procedures are lacking. This study therefore analyzed the effects of three different guttapercha solvents on the bond strength of fiberglass posts cemented with a resin-based cement. The null hypothesis tested was that the solvent used has no effect on the bond strength of the fiberglass post to the root canal dentin, regardless of the part of the root canal.
Materials and Methods
Forty recently extracted bovine incisors with roots that were anatomically similar in size and shape and canals that were less than 1 mm in diameter with completely developed root apices were selected for the present study and stored in distilled water. This study was approved by the local Research Ethics Committee of Federal University of Goiás (Process #256/2010). Before root canal preparation (RCP), each tooth was decoronated with a double-faced diamond disc (KG Sorensen, São Paulo, SP, Brazil) operated perpendicularly to its longitudinal axis to produce standardized roots of 15 mm length. The working length (WL) was established by subtracting 1 mm from the root length.
The root specimens were instrumented using the crown-down technique with BioRace rotary nickel-titanium instruments (FKG Dentaire, La Chaux-de-Fonds, Switzerland). Apical enlargement was performed at a size of 40/0.04. After each instrument change during the RCP, the root canals were irrigated with 3 mL of 2.5% sodium hypochlorite (Pharm, Fitofarma, Goiânia, GO, Brazil). After completion of RCP, the canals were irrigated with 3 mL of 17% EDTA (Biodinâmica, Ibiporã, PR, Brazil) for 3 min to effectively remove the smear layer, then rinsed with 3 mL of sterile saline. The root canals were dried with sterilized paper points and filled with gutta-percha (Dentsply Maillefer, Ballaigues, Switzerland) and a calcium hydroxide-based sealer (Sealapex, SybronEndo, São Paulo, SP, Brazil) that were mixed according to the manufacturers' directions, using a cold lateral compaction technique. The excess of gutta-percha and endodontic sealer were removed with a heated instrument, the root canal openings were filled with glass-ionomer cement (Vidrion R, SS White, Rio de Janeiro, RJ, Brazil), and all samples were stored at 100% humidity for 8 weeks at 37°C.
The root specimens were then randomly divided into four experimental groups (n = 10 roots per group) according to the gutta-percha solvent material used. Group 1 did not receive root canal retreatment and was used as the control group. Group 2 had the coronal 3 mm of filling material removed with #2-3 Gates Glidden drills (Dentsply Maillefer). The filling material was then gradually removed with #10 and #15 K-type files and xylene (Synth, Labsynth, Diadema, SP, Brazil) until the WL was reached, at which point the following BioRace files were used to remove the remainder of the filling material: 25/0.08, 15/0.05, 25/0.04, 25/0.06, 35/0.04, 40/0.04, 50/0.04, and 60/0.02. Groups 3 and 4 were given the same retreatment procedures as Group 2, except that instead of xylene, eucalyptol (Maquira, Maringa, PR, Brazil) was used in Group 3, and orange oil (Biodinâmica) was used in Group 4. A total of 1 mL of endodontic solvent was used for each root specimen. During the retreatment procedure, the root canals were irrigated with 3 mL of 2.5% sodium hypochlorite. After root canal retreatment, the root canals were irrigated with 3 mL of 17% EDTA for 3 min, rinsed with 3 mL of sterile saline, dried with sterilized paper points and reobturated as previously described. The root canal opening was then filled with glass-ionomer cement (Vidrion R, SS White, Rio de Janeiro, RJ, Brazil), and the roots were stored at 37°C and 100% humidity for 4 weeks. A single calibrated operator performed all the procedures.
After this storage period, a post space was prepared using #1-4 Largo drills (Dentsply Maillefer) (WL 10 mm), which corresponded to the 1.3 parallel-sided, serrated fiberglass posts (Reforpost #2; Angelus, Londrina, PR, Brazil). The root canals were irrigated with 2.5% sodium hypochlorite after each bur change. After the post-space preparation, each root canal was rinsed with 17% EDTA and saline solution and dried with absorbent paper points. The fiberglass posts were cleaned with 70% alcohol, and a silane agent (Silano, Angelus) was applied with a microbrush for 1 min. The self-adhesive resin cement (RelyX U100; 3M-ESPE, St. Paul, MN, USA) was prepared following to the manufacturer's directions, added to the root canal with the aid of an endodontic instrument and applied on the post. The post was seated to its full depth with digital pressure. Any excess cement was removed after 1 min. Three min later, the self-adhesive resin cement was light-cured using a 1,200 mW cm -2 (RadiiCal; SDI, Bayswater, Australia) source for 40 s each on the cervical face of the specimen, along the long axis of the specimen, and oblique to the buccal and lingual surfaces, for a total of 120 s. The specimens were then stored at 100% humidity and 37°C for 24 h. Twenty-four h later, each specimen was sectioned perpendicularly to its long axis with the aid of a double-faced diamond disc (4" diameter × 0.012" thickness × 1/2"; Arbor, Extec, Enfield, CT, USA) and a precision saw (Isomet 1000, Buehler, Lake Bluff, IL, USA) at low speed with water cooling. This process was used to obtain two slices 1-mm in thickness from each third (the cervical, middle, and apical thirds) of the root, for a total of six slices per root. The root specimens were then submitted to a micro pushout test in a universal testing machine (Instron 5960 Dual Column Tabletop Testing Systems, Instron, Barueri, SP, Brazil). A compressive load was applied at 0.5 mm min -1 in the apical-coronal direction until failure occurred. The bond strength in MPa was calculated by dividing the load at failure (N) by the area of the bonded interface. The area of the bonded interface was calculated as follows: A = 2πr × h, where A is the area of the bonded interface, π = 3.14, r is the radius of the post segment (mm), and h is the thickness of the post segment (mm) (23) (24) (25) .
The failure pattern was determined after all specimens were air-dried. Both sides of the slices were analyzed using a light microscope at ×40 magnification (Carl Zeiss, Jena, Germany). The failure pattern was categorized into six types: (i) adhesive between the post and resin cement; (ii) adhesive between resin cement and root dentin; (iii) cohesive in cement; (iv) cohesive in dentin; (v) cohesive in post; and (vi) mixed, between post, resin cement and root dentin.
The Statistical Package for Social Sciences (IBM SPSS 21, IBM Co., New York, NY, USA) was used for statistical analysis. The Kolmogorov-Smirnov test was used to test normality. The influences of the solvents on bond strength were analyzed using the two-way analysis of variance (ANOVA) in a split-plot arrangement, with the main plot for the gutta-percha solvent and the subplots for the root canal thirds. The Tukey test was used for multiple comparisons (α = 0.05). The percentage of each type of failure within each group was calculated. Table 1 shows the mean bond strength values, the standard deviations and the differences within the groups after the micropush-out test. There were statistically significant differences among the groups (P < 0.05). The control group exhibited significantly higher bond strength compared with the eucalyptol group in the cervical and middle thirds (P < 0.05); however, the control group did not differ significantly from the xylene and orange oil groups (P > 0.05). No significant difference was observed between the values for the xylene, orange oil, and eucalyptol groups (P > 0.05). The cervical third had higher values than the apical third, regardless of the gutta-percha solvent tested (P < 0.05). Table 2 shows the failure pattern. Interestingly, cement-dentin adhesive failure was the most prevalent type of failure in all groups. No adhesive failure was observed between the fiberglass post and resin-cement (Fig. 1) . 
Results

Discussion
The use of eucalyptol affected the bond strength between the fiberglass post and the root canal dentin in the cervical and middle thirds. In addition, the bond to the root dentin varied according to the third of the root canal being assessed. Thus, the results led to partial rejection of the null hypothesis. The methodology used in the present study has been broadly used in the analysis of adhesive bond strength. Bond strength experiments are often conducted to screen Microtensile and push-out methods have been confronted, and the results seem to indicate that fewer specimens are lost in the push-out tests, making them more efficient and reliable than the microtensile tests (24) . Additionally, the push-out tests distribute stress more regularly and generate less variability in the mechanical test results. Thus, this methodology is recommended to study the bond strength between fiberglass posts and root canal dentin (25) . Chen et al. (27) evaluated the effects of pin diameter, specimen thickness and elastic modulus of the filling material on bond strength measurements and found that all of these variables influenced the push-out bond strength. This means that bond strength values obtained from studies with different experimental setups cannot be compared. A better understanding of how each variable affects the bond strength will be required for the establishment of a rigorous set of guidelines for the push-out test. The present study made use of bovine teeth, as human teeth are difficult to collect for research purposes (20, 23) . Bovine teeth are easier to collect, their tooth age can be standardized and the risk of transmitting infectious diseases is minimal (20, 28) . In addition, previous studies have shown that bovine and human teeth present similar properties (28, 29) .
A large variety of products are commercially available for cementation of fiberglass posts (24) . In the current study, self-adhesive resin cement was used as the luting material. This resin cement combines an adhesive agent and cement in one application, thus eliminating the need for pretreatment and producing a stronger dentin bond than conventional resin cements (23) . The resin-based cement works through different mechanisms: (A) the acidic monomers hybridize to the dentin and (B) the resin chemically interacts with the hydroxyapatite. Gerth et al. (30) observed a strong chemical reaction between RelyX Unicem and calcium from hydroxyapatite. This reaction most likely results from chelation of the calcium ions by the acid group that generates chemical adherence to hydroxyapatite in the tooth structures. Chemical interactions between hydroxyapatite and the resin-based cement are effective within the root canal, and such interactions may be more important for root dentin bonding than the ability of the same product to hybridize dentin (31) .
The negative effects on bond strength of several chemical agents used during root canal treatment, including endodontic irrigants (sodium hypochlorite, EDTA, and hydrogen peroxide), calcium hydroxide and eugenol of medicaments and sealers, have been well-documented (2, (19) (20) (21) (22) (23) . However, few studies have assessed the influence of gutta-percha solvents on the bonding process itself (10,32). Erdemir et al. (10) assessed the influence of two gutta-percha solvents (chloroform and halothane) on the microtensile bond strength to root canal dentin and observed that gutta-percha solvents have an adverse effect on the bond strength between adhesive cements and root canal dentin. Shokouhinejad et al. (32) demonstrated that retreatment procedures might affect the adhesion of refilling materials to the dentinal walls, thus jeopardizing their bond strength to radicular dentin following endodontic retreatment. In this study, the chloroform used in retreatment had an adverse effect on the bond strength of Resilon/Epiphany SE after root canal reobturation.
It has been reported that gutta-percha solvents can alter the chemical structure and composition of human dentin (7, 18, 33) . Rotstein et al. (7) assessed the effects of chloroform, xylene, and halothane on the microhardness of human enamel and dentin. Their results indicated that treatment with gutta-percha solvents significantly reduced the microhardness of both enamel and dentin. This effect was time-dependent as well as significant after 5 min of treatment in most cases. Gutta-percha solvents may affect the organic elements of enamel and dentin, promoting enlargement of the intercrystalline spaces and thus increasing the porosity and permeability of dental tissues. Erdemir et al. (33) studied the effect of chloroform and halothane on the calcium, phosphorus, magnesium, potassium, and sulfur content of root dentin. They observed a significant decrease in the calcium levels after the use of halothane, and a significant decrease in the magnesium levels after the use of all solvent types. Kaufman et al. (18) demonstrated that the calcium and phosphorus levels of human dentin were altered after treatment with gutta-percha solvents (chloroform, xylene, and Endosolv-E) but that these changes were minimal and statistically insignificant. In contrast, Doğan et al. (17) showed that neither warming nor prolonged treatment time with gutta-percha solvents (including xylene, halothane, eucalyptol, orange oil, and chloroform) had a significant effect on the histochemical composition of a cut human dentin surface. Any changes to the organic and inorganic components of dentin may affect its adhesion to dental materials (7) .
In the present study, three different gutta-percha solvents were examined to investigate the adhesion capability of fiberglass post after retreatment procedures. The results clearly indicate that the use of eucalyptol significantly influences the bond strength between fiberglass posts and root canal dentin. The eucalyptol group exhibited the lowest bond strength values (Table 1) ; however, no significant difference was found between the eucalyptol group and the xylene and orange oil groups (P > 0.05). It is likely that the low cervical and middle third bond strength values registered for the eucalyptol group are associated to its limited ability to solubilize gutta-percha and thereby clean the root canal wall (11, 12, 15, 34) . The softened root filling material can easily be compacted into the dentinal tubules, where it cannot be removed (9) , and may thus reduce the bond strength of resin-based cements. Complete removal of filling materials from dentinal tubules seems essential to improve the adaptation of sealers and the adhesion of the cements used for posts (9) .
The analysis by root canal third showed that the bond strength value was generally higher in the cervical thirds and lower in apical areas, as reported in previous investigations (20, 35, 36) . The decreased bond strength in the apical third could be due to the presence of large amount of gutta-percha and sealer in the root canal walls after the new endodontic procedure (34) . In general, root canal cleanliness in the apical third is worse than in the coronal and middle thirds (34) . The presence of large amount of filling material in the apical third and the absence of a homogeneous bond interface (20) could therefore reduce the contact area between dentin and cementing agent, thus reducing polymerization of the resin cement. Limitations in the flow of the viscous cement, difficulty accessing the apical area, the factor cavity configuration (C-factor) (24) and differences in the dentin architecture in different areas of the root canal (35, 37) may have also contributed to these results.
The employment of failure pattern for all specimens tested is an obligation to clarify the performance of study factor during push-out test. In the present study, the analysis of the root slices demonstrated the predominance of adhesive failure between the resin cement and root dentin in all groups. This means that the dentin surface appeared clean and devoid of resin cement. This result may be related to filling material residue left on the root canal walls and inside dentinal tubules and on the low capacity of the self-adhesive resin cement for dentin hybridization (9) . In addition, the gutta-percha solvents used may have changed the chemical and structural composition of the root canal dentin, thereby altering the observed bond strength (7, 10) . These results are in conformity with the results of a previous study demonstrating that fiberglass posts cemented with self-adhesive resin are weakest at the resin cement-root dentin interface (22) . However, the failure types described by Bitter et al. (31) contrast with the results obtained in the present study, as mainly adhesive failures were described between the post and cement.
A primary aim of endodontic retreatment is to obtain access to the entire length of the root canal (7). Zakariasen et al. (8) advised that whenever possible, endodontic retreatment should be accomplished without the use of toxic solvents. When deciding which solvent to use for retreatment, the practicality of efficient use of time and safety must be balanced (7, 13) . Xylene, eucalyptol, and orange oil are known solvents of gutta-percha that are available for clinical use. Xylene has a solubilizing effect on gutta-percha that is similar to that of chloroform (11) , but it is very toxic (12) . Eucalyptol has been reported to be safe and efficient; however, at room temperature, eucalyptol does not solubilize gutta-percha as rapidly as chloroform and xylol (11, 12, 15) . Eucalyptol must be heated to be clinically effective as a solvent (12) . Orange oil was initially proposed for use as a solvent of zinc oxide and a eugenol sealer (38) . A previous study (16) showed that orange oils soften the gutta-percha cones similarly to xylol but without its deleterious effects, making it an attractive alternative solvent.
Although the samples in this study were not submitted to thermal and mechanical cycling to precisely simulate intra-oral environment, the results are still useful to clinicians. Future long-term clinical studies will be needed to evaluate the bonding behavior of adhesively cemented fiberglass posts in teeth subjected to retreatment procedures. In conclusion, the results demonstrate that the use of xylene and orange oil as gutta-percha solvents during root canal retreatment produces no significant differences in the bond strength of the fiberglass posts cemented to radicular dentin. The use of eucalyptol significantly decreased the bond strength of fiberglass posts in the cervical and middle thirds of the roots, and the cervical third showed higher bond strength values than the apical third.
